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EXHAUST GAS PURIFICATION APPARATUS
FOR INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an exhaust purification
device of an internal combustion engine.

BACKGROUND ART

Known 1n the art 1s an internal combustion engine arrang-
ing in an engine exhaust passage an NO_ storage catalyst
storing NO, contained 1n exhaust gas when the air-fuel ratio
of the inflowing exhaust gas 1s lean and releasing the stored
NO_ when the air-fuel ratio of the inflowing exhaust gas
becomes a stoichiometric air-fuel ratio or rich, wherein cyl-
inders are divided into a first cylinder group and a second
cylinder group and an exhaust passage of the first cylinder
group and an exhaust passage of the second cylinder group
are merged and connected to a common NO, storage catalyst
(see Japanese Patent Publication (A) No. 8-189388). In this
internal combustion engine, usually 1n all cylinders, fuel 1s
burned under a lean air-fuel ratio and the NO_ generated at
this time 1s stored in the NO_ storage catalyst. On the other
hand, 11 the NO, storage ability of the NO_ storage catalyst
approaches saturation, the air-fuel ratio of the exhaust gas
flowing into the NO,_storage catalyst 1s temporarily made rich
and thereby NO_ 1s released from the NO _ storage catalyst and
reduced.

In this regard, fuel and lubrication o1l contain sulfur. There-
fore, the exhaust gas contains SO_. This SO, 1s stored together
with the NO_ 1n the NO, storage catalyst. In this regard, this
SO_ 1s not released from the NO_ storage catalyst by just
making the air-fuel ratio of the exhaust gas rich. Therelore,
the amount of SO_ stored 1n the NO_ storage catalyst gradu-
ally increases. As aresult, the amount of NO_able to be stored
gradually ends up becoming reduced. Therefore, when the
amount of SO, stored in the NO, storage catalyst increases, 1t
1s necessary to make the NO _ storage catalyst release the SO .

In this case, 1f the temperature of the NO_ storage catalyst
1s raised to the SO, release temperature of substantially 600°
C. or more and the air-fuel ratio of the exhaust gas flowing
into the NO_ storage catalyst 1s made rich, the NO_ storage
catalyst can be made to release the SO, . In this regard, 1n the
above-mentioned 1mternal combustion engine, when the air-
tuel ratios of all cylinders of the first cylinder group are made
rich and the air-fuel ratios of the cylinders of the second
cylinder group are made lean, the large amount of unburned
HC exhausted from the first cylinder group 1s oxidized at the
NO_storage catalyst by the excess oxygen exhausted from the
second cylinder group and the NO_ storage catalyst is raised
in temperature by the heat of oxidation reaction at this time.
Therefore, 1n the above-mentioned internal combustion
engine, when making the NO_ storage catalyst release SO_ by
raising the temperature of the NO_ storage catalyst, the air-
tuel ratios of all cylinders of the first cylinder group are made
rich and the air-fuel ratios of all cylinders of the second
cylinder group are made lean.

However, 1n this internal combustion engine, the NO_stor-
age catalyst 1s arranged 1n the exhaust passage considerably
far from the cylinders, so the NO_ storage catalyst 1s low 1n
temperature and not activated 1n many cases. In this regard,
when the temperature of the NO_ storage catalyst 1s low and
the NO, storage catalyst 1s not activated 1n this way, 1f making,
the air-fuel ratio of one cylinder group rich and making the
air-fuel ratio of the other cylinder group lean to raise the
temperature of the NO, storage catalyst, a large amount of
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unburned HC ends up passing straight through the NO__ stor-
age catalyst without being oxidized and therefore not only 1s
the temperature raising action not suiliciently performed, but
also the problem arises that a large amount of unburned HC 1s
exhausted into the atmosphere.

DISCLOSURE OF THE INVENTION

An object of the present invention 1s to provide an exhaust
purification device of an internal combustion engine able to
keep the unburned HC from being exhausted into the atmo-
sphere when raising the temperature of the rear stage catalyst.

According to the present imnvention, there 1s provided an
exhaust purification device of an internal combustion engine
in which cylinders are divided into a first cylinder group and
a second cylinder group, front stage catalysts having oxida-
tion functions are arranged 1n a first exhaust passage common
to the first cylinder group and in a second exhaust passage
common to the second cylinder group, and the first exhaust
passage and the second exhaust passage are connected to a
common rear stage catalyst having an oxidation function at
downstream of the corresponding front stage catalysts,
wherein when the temperature of the rear stage catalyst
should be raised, an air-fuel ratio of a part of the cylinders 1n
cach cylinder group 1s made rich and an air-fuel ratio of a part
of the cylinders of the first cylinder group 1s made lean, while
doing so, the average air-fuel ratio at one of the cylinder
groups 1s made rich and the average air-fuel ratio at the other
cylinder group 1s made lean, and the rear stage catalyst 1s
raised 1n temperature by the heat of oxidation reaction at both
the front stage catalysts and the rear stage catalysts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an overview of an internal combustion engine.

FIG. 2 1s a cross-sectional view of a surface part of a
catalyst carrier of an NO_ storage catalyst.

FIG. 3 1s a view showing a map of a stored NO_ amount
NOXA etc.

FIG. 4 1s a time chart showing NO_ release control and SO_
release control.

FIG. 5 1s a flow chart of processing on an NO_ storage
catalyst.

FIG. 6 1s a view of a lean-rich cylinder arrangement.

FIG. 7 1s a time chart showing temperature raising control.

FIG. 8 1s a flow chart of temperature raising control.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

FIG. 1 shows the case of application of the present inven-
tion to a V-type 6-cylinder spark 1gnition internal combustion
engine. Note that needless to say, the present invention can
also be applied to an in-line 6-cylinder internal combustion
engine or other in-line mternal combustion engine and can
also be applied to an internal combustion engine having a
number of cylinders other than six cylinders.

Referring to FIG. 1, at one bank, a first cylinder group 1
comprised of three cylinders 3 of the no. 1 cylinder #1, no. 3
cylinder #3, and no. 5 cylinder #5 of every other place 1n the
1gnition sequence 1s formed, while at the other bank, a second
cylinder group 2 comprised of three cylinders 3 of the no. 2
cylinder #2, no. 4 cylinder #4, and no. 6 cylinder #6 of every
other place 1n the 1gnition sequence 1s formed. The cylinders
3 of the first cylinder group 1 and the second cylinder group 2
are connected to a common 1ntake manifold 4, while an inlet
of an intake manifold 4 1s connected through an air flow meter



US 8,297,041 B2

3

5 to an air cleaner 6. At the inlet of the intake manifold 4 1s
arranged a throttle valve 8 controlled to open and close by an
actuator 7.

On the other hand, the cylinders #1, #3, and #5 of the first
cylinder group 1 are connected through a common {irst
exhaust manifold 9a to an inlet of a front stage catalyst 10a
having an oxidation function, while the cylinders #2, #4, and
#6 of the second cylinder group 2 are connected through a
common second exhaust manifold 95 to an inlet of a front
stage catalyst 105 having an oxidation function. The outlet of
the front stage catalyst 10a and the outlet of the front stage
catalyst 105 are connected through respectively correspond-
ing exhaust pipes 11a and 115 to the inlet of a common rear
stage catalyst 12 having an oxidation function. In the embodi-
ment according to the present invention, the front stage cata-
lyst 10a and the front stage catalyst 1056 are comprised of
three-way catalysts, while the rear stage catalyst 12 1s com-
prised of an NO_ storage catalyst.

An electronmic control unit 20 1s comprised of a digital
computer provided with a ROM (read only memory) 22,
RAM (random access memory) 23, CPU (microprocessor)
24, mput port 25, and output port 26, which are intercon-
nected by a bidirectional bus 21. At the inlet of the front stage
catalysts, that 1s, the three-way catalysts 10a, 105, air-fuel
ratio sensors 13a, 136 are respectively arranged, while at the
inlet of the rear stage catalyst, that 1s, the NO_ storage catalyst
12, an air-fuel ratio sensor 14 1s arranged. The output signals
of these air-fuel ratio sensors 13a, 135, and 14 are input
through respectively corresponding AD converters 27 to the
input port 235.

The accelerator pedal 30 has a load sensor 31 connected to
it generating an output voltage proportional to an amount of
depression L of the accelerator pedal 30. The output voltage
of the load sensor 31 is mput through a corresponding AD
converter 27 to the mput port 25. Furthermore, the input port
235 has connected to 1t a crank angle sensor 32 generating an
output pulse each time a crankshaift rotates by for example
30°. On the other hand, the output port 26 i1s connected
through corresponding drive circuits 28 to the actuator 7 of
the throttle valve 8 and fuel injectors 34 for feeding fuel to the
cylinders #1 to #6.

Next, the NO_ storage catalyst 12 will be explained. The
substrate of the NO_ storage catalyst 12 carries for example a
catalyst carrier comprised of alumina. FIG. 2 shows a cross-
section of a surface part of this catalyst carrier 40. As shown
in FI1G. 2, on the surface of the catalyst carrier 40, a precious
metal catalyst 41 1s carried dispersed. Further, on the surface
of the catalyst carrier 40, a layer of an NO_ absorbent 42 1s
formed.

In the embodiment according to the present invention,
platinum Pt 1s used as the precious metal catalyst 41. As the
ingredient forming the NO_ absorbent 42, for example, at
least one element selected from potassium K, sodium Na,
cesium Cs, and other such alkali metals, barium Ba, calcium
Ca, and other such alkali earths, and lanthanum La, yttrium Y,
and other such rare earths 1s used.

If the ratio of the air and fuel fed into the engine intake
passage, combustion chambers, and exhaust passage
upstream of the NO_ storage catalyst 12 1s referred to as “the
air-fuel ratio of the exhaust gas”, an NO,_ absorption and
release action such as the NO_ absorbent 42 absorbs NO_
when the air-fuel ratio of the exhaust gas 1s lean and releases
the absorbed NO_ when the oxygen concentration in the
exhaust gas falls, 1s performed.

That 1s, 1if explaining as an example the case of using
bartum Ba as the ingredient forming the NO_ absorbent 42,
when the air-fuel ratio of the exhaust gas 1s lean, that 1s, when
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the oxygen concentration in the exhaust gas 1s high, the NO
contained 1n the exhaust gas, as shown 1n FIG. 2, 1s oxidized
on the platinum Pt 41 and becomes NO, which 1s then
absorbed 1n the NO_ absorbent 42, bonds with the barium
oxide BaO, and diffuses 1n the form of nitrate 1ons NO; ™ inthe
NO_ absorbent 42. In this way, NO_ 1s absorbed 1n the NO_
absorbent 42. So long as the oxygen concentration in the
exhaust gas 1s high, NO, 1s formed on the surface of the
platinum Pt 41. So long as the NO, absorption ability of the
NO_absorbent 42 1s not saturated, NO2 1s absorbed inthe NO_
absorbent 42 and nitrate 1ons NO;~ are produced.

As opposed to this, when the air-fuel ratio of the exhaust
gas 1s made rich or the stoichiometric air-fuel ratio, the oxy-
gen concentration in the exhaust gas falls, so the reaction
proceeds 1n the reverse direction (NO,~—=NO, ) and therefore
the nitrate 1ons NO,™ in the NO_ ab serbent 42 are released 1in
the form of NO, from the NO absorbent 42. Next, the
released NO__ 1s reduced by the unburned HC and CO con-
tained 1n the exhaust oas.

In this way, when the air-fuel ratio of the exhaust gas 1s
lean, that 1s, when fuel 1s burned under a lean air-tuel ratio, the
NO_ 1n the exhaust gas 1s absorbed 1n the NO_ absorbent 42.
However, if fuel continues to be burned under a lean air-fuel
ratio, during that time the NO_ absorption ability of the NO_
absorbent 42 ends up becoming saturated and therefore the
NO_ absorbent 42 ends up no longer being able to absorb
NO. . Therefore, 1n the embodiment according to the present
invention, before the absorption ability of the NO_ absorbent
42 1s saturated, the air-fuel ratio of the exhaust gas 1s tempo-
rarily made rich and thereby the NO_ absorbent 42 1s made to
release NO. .

In this regard, the exhaust gas contains SO_, that 1s, SO.,.
When this SO, tlows into the NO_ storage catalyst 12, this
SO, 1s oxidized on the platinum Pt 41 and becomes SO,.
Next, this SO, 1s absorbed 1n the NO_ absorbent 42, bonds
with the barium oxide BaO, and diffuses in the form of sulfate
ions SO~ in the NO_ absorbent 42 whereby stable sulfate
BaSO, 1s produced. However, the NO_ absorbent 42 has a
strong basicity, so this sulfate BaSO, 1s stable and hard to
break down. I just simply making the air-fuel ratio of the
exhaust gas rich, the sulfate BaSO,, remains without breaking
down. Theretore, as time passes, the sulfate BaSO,, increases
in the NO_absorbent 42. Therefore, the amount of NO_which
the NO, absorbent 42 can absorb falls, so when the amount of
sulfate BaSO,, in the NO_ absorbent 42 increases, 1t 1s neces-
sary to make the NO_ absorbent 42 release the SO,

In this regard, 1n this case, 1f making the air-fuel ratio of the
exhaust gas tlowing into the NO_ storage catalyst 12 rich 1n
the state where the temperature of the NO_ storage catalyst 12
is raised to the SO _release temperature o1 600° C. or more, the
NO_absorbent 42 releases the SO_ . Therefore, when the NO_
absorbent 42 should release the SO _, first, the NO_ storage
catalyst 12 1s raised in temperature to the SO, release tem-
perature for temperature raising control ot the NO_ storage
catalyst 12, then SO, release control such as the NO_ storage
catalyst 12 1s held in temperature at the SO_ release tempera-
ture and the air-fuel ratio of the exhaust gas flowing into the
NO_ storage catalyst 12 1s made rich, 1s performed.

Next, the NO_release control and SO _ release control per-
formed in the embodiment of the present mvention will be
explained 1n brief with reference to FIG. 3 to FIG. S.

The NO, amount exhausted from the engine changes 1n
accordance with the operating state of the engine and there-
fore the NO, amount absorbed 1n the NO, absorbent 42 also
changes 1n accordance with the operating state of the engine.
Theretore, 1n the embodiment according to the present inven-
tion, the NO, amount NOXA stored per unit time 1n the NO_
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storage catalyst 12 1s stored as a function of the required
torque TQ and engine speed N 1n the form of the map shown

in FIG. 3(A) i advance in the ROM 22. By cumulatively
adding this NO_ amount NOXA, the NO,_ amount 2NOX
stored 1n the NO_ storage catalyst 12 1s calculated. In the
embodiment according to the present invention, as shown 1n
FIG. 4, each time this NO_amount 2NOX reaches the allow-
able value NX, the air-fuel ratio of the exhaust gas A/F tlow-
ing into the NO_ storage catalyst 12 1s temporarily made rich
and thereby NO, 1s released from the NO_storage catalyst12.

On the other hand, fuel contains a certain ratio of sulfur.
Therefore, the amount of SO, contained in the exhaust gas,
that 1s, the amount of SO, stored in the NO_ storage catalyst
12, 1s proportional to the fuel injection amount. The fuel
injection amount 1s a function of the required torque and
engine speed. Theretfore, the amount 0ot SO_ stored 1n the NO_
storage catalyst 12 becomes a function of the required torque
and engine speed. In the embodiment according to the present
ivention, the SO_amount SOXA stored in the NO, storage
catalyst 12 per unit time 1s stored as a function of the required
torque TQ and engine speed N 1n the form of the map shown
in FIG. 3(B) 1n advance in the ROM 22. By cumulatively
adding this SO_amount SOXA, the SO_amount 2SOX stored
in the NO_ storage catalyst 12 1s calculated. In the embodi-
ment according to the present invention, as shown 1n FIG. 4,
when this SO, amount 2SOX reaches the allowable value SX,
the NO,_ storage catalyst 12 1s raised 1n temperature T to the
SO _ release temperature TX. In the state where the NO_
storage catalyst 12 1s held in temperature T at the SO_release
temperature TX, the air-fuel ratio of the exhaust gas flowing
into the NO, storage catalyst 12 1s made rich.

FIG. 5 shows the processing routine for the NO, storage
catalyst 12.

Referning to FIG. 5, first, at step 50, the NO, amount
NOXA stored per unit time 1s calculated from the map shown
in FIG. 3(A). Next, at step 31, this NOXA 1s added to the NO_
amount XNOX stored 1n the NO_storage catalyst 12. Next, at
step 32, 1t 1s judged 11 the stored NO_amount ZNOX exceeds
the allowable value NX. When 2NOX>NX, the routine pro-
ceeds to step 53 where rich processing such as the fuel injec-
tion amount 1s increased and thereby the air-tuel ratio of the
exhaust gas flowing into the NO_ storage catalyst 12 1s tem-
porarily switched from lean to rich, 1s performed and 2NOX
1s cleared.

Next, at step 54, the SO, amount SOXA stored per unit time
1s calculated from the map shown 1in FIG. 3(B). Next, at step
55, this SOXA 1s added to the SO, amount 2SOX stored in the
NO _ storage catalyst 12. Next, at step 56, 1t 1s judged 11 the
stored SO, amount 2SOX exceeds the allowable value SX.
When 2S0X>8X, the routine proceeds to step 57 where
temperature raising control such the NO_ storage catalyst 12
1s raised in temperature T to the SO, release temperature TX
1s performed. Next, at step 38, SO__release control such as the
NO, storage catalyst 12 1s maintained in temperature at the
SO, release temperature TX and the air-fuel ratio of the
exhaust gas flowing into the NO_ storage catalyst 12 1s made
rich, 1s performed and 2SOX 1s cleared.

Now, 1n the present invention, at step 57 of FIG. 5, when
raising the NO_ storage catalyst 12 1in temperature to the SO_
release temperature TX, the air-fuel ratio 1n each cylinder 3 1s
changed in various ways. To explain this, (1), (II), and (III) of
FIG. 6 show an engine body illustrating only the first cylinder
group 1 and second cylinder group 2 in FIG. 1.

Note that in (I), (II), and (III) of FIG. 6, for easy under-
standing of the invention, the amount of fuel when indexed to
the amount of fuel at the time of the stoichiometric air-fuel
ratio as 1.0 1s used to express the extent of the degree of
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richness and leanness at the cylinders #1 to #6. The larger the
value from 1.0, the higher the degree of richness, while the
smaller the value from 1.0, the greater the degree of leanness.

Note that the relationship between the numerical values
shown at the cylinders #1 to #6 and the air-fuel ratio.

Numerical value shown

at cylinder Air-fuel ratio Name
1.3 11.2 Strongly rich
1.15 12.6 Weakly rich
0.85 17.1 Weakly lean
0.7 20.7 Strongly lean

When the numerical values shown at the cylinders are 1.3,
1.15, 0.85, and 0.7 as described in the column “Name” of the
above table, they are called “strongly rich”, “weakly rich”,
“weakly lean”, and “strongly lean”.

FIG. 7 shows an embodiment of the temperature raising
control according to the present invention. In FIG. 7, the
ordinate T shows the temperature of the NO, storage catalyst
12, while the abscissa shows the elapsed time. Note that FIG.
7 shows the case where the temperature T of the NO_ storage
catalyst 12 when the temperature raising control 1s started 1s
considerably lower than the SO, release temperature TX.
Next, referring to FIG. 6 and FIG. 7, the temperature raising
control according to the present invention will be explained.

In the past, when the temperature raising control 1s started,
as shown 1n (III) of FIG. 6, all cylinders #1, #3, and #5 of one
cylinder group, for example, the first cylinder group 1, are
made strongly rich, while all cylinders #2, #4, and #6 of the
other cylinder group, for example, the second cylinder group
2, are made strongly lean. When all cylinders #1, #3, and #5
of the first cylinder group 1 are made strongly rich 1n this way,
a large amount of unburned HC 1s exhausted from the first
cylinder group 1, while when all cylinders #2, #4, and #6 of
the second cylinder group 2 are made strongly lean, a large
amount of excess oxygen 1s exhausted from the second cyl-
inder group 2, so 1f the NO_ storage catalyst 12 1s activated at
this time, a strong heat of oxidation reaction 1s generated at
the NO_ storage catalyst 12 and theretore the NO_ storage
catalyst 12 1s made to rapidly rise in temperature.

In this regard, when the NO_ storage catalyst 12 1s activated
at this time, a large amount of unburned HC passes straight
through the NO_ storage catalyst 12 without being oxidized
and 1s exhausted into the atmosphere. Therefore, in the
present invention, when the NO__storage catalyst 12 should be
raised 1n temperature, if the NO_ storage catalyst 12 1s not
activated, as shown 1n (I) of FIG. 6, the average air-fuel ratio
of all cylinders #1, #3, and #5 of one cylinder group, for
example, the first cylinder group 1, 1s made to become the
substantially stoichiometric air-fuel ratio by the two cylinders
#1 and #3 1n the first cylinder group 1 being made weakly rich
and one cylinder #5 being made strongly lean, and the average
air-fuel ratio of all cylinders #2, #4, and #6 of the other
cylinder group, for example, the second cylinder group 2 1s
made to become the substantially stoichiometric air-fuel ratio
by the two cylinders #2 and #4 1n the second cylinder group 2
being made weakly lean and one cylinder #6 being made
strongly rich.

In this regard, the front stage catalysts, that 1s, the three-
way catalysts 10a and 105, are positioned closer to the cyl-
inders #1 to #6 compared with the NO_ storage catalyst 12, so
are constantly in contact with the relatively high temperature
exhaust gas, so these three-way catalysts 10a and 1056 are
normally activated. Therefore, as explained above, if a part of
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the cylinders 1s made rich and a part of the cylinders 1s made
lean, the unburned HC exhausted from a rich cylinder can be
ox1idized by the excess oxygen exhausted from a lean cylinder
on the corresponding three-way catalysts 10a and 105. As a
result, the exhaust gas tlowing through the three-way cata-
lysts 10a and 105 1s raised 1n temperature by the heat of the
oxidation reaction by the oxidation action on the three-way
catalysts 10a and 106 and the NO_ storage catalyst 12 1is
quickly raised in temperature by the exhaust gas raised 1n
temperature.

Further, 1n the case shown in (I) of FIG. 6, the average
air-fuel ratio of all cylinders #1, #3, and #5 of the first cylinder
group 1 1s made to become the substantially stoichiometric
air-fuel ratio by two cylinders #1 and #3 1n the first cylinder
group 1 being made weakly rich and one cylinder #3 being
made strongly lean, so the majority of the unburned HC
exhausted from the weakly rich cylinders #1 and #3 15 oxi-
dized by the excess oxygen exhausted from the strongly lean
cylinder #5.

Similarly, the average air-fuel ratio of all cylinders #2, #4,
and #6 of the second cylinder group 2 1s made to become the
substantially stoichiometric air-fuel ratio by the two cylinders
#2 and #4 1n the second cylinder group 2 being made weakly
lean and one cylinder #6 being made strongly rich, so the
majority of the unburned HC exhausted from the strongly rich
cylinder #6 1s oxidized by the excess oxygen exhausted from
the weakly lean cylinders #2 and #4. Therelore, the exhaust
gas fed into the NO_ storage catalyst 12 does not contain
almost any unburned HC, therefore even if the NO_ storage
catalyst 12 1s not activated, almost no unburned HC 1is
exhausted into the atmosphere.

Further, 1n the embodiment according to the present inven-
tion, 1n the case shown in (I) of FI1G. 6, the air-fuel ratios of the
cylinders #1, #3, and #35 of the first cylinder group 1 are
teedback controlled based on the output signal of the air-tuel
rat1o sensor 13a so that the average air-fuel ratio of all cylin-
ders #1, #3, and #5 of the first cylinder group 1 becomes the
stoichiometric air-fuel ratio. Therefore, the unburned HC,
CO, and NO, 1n the exhaust gas exhausted from the first
cylinder group 1 are simultaneously reduced in the three-way
catalyst 10a. Similarly, the air-fuel ratios of the cylinders #2,
#4, and #6 of the second cylinder group 2 are feedback con-
trolled based on the output signal of the air-tfuel ratio sensor
135 so that the average air-fuel ratio of all cylinders #2, #4,
and #6 of the second cylinder group 2 becomes the stoichio-
metric air-fuel ratio. Theretfore, the unburned HC, CO, and
NO, 1n the three-way catalyst 105 exhausted from the second
cylinder group 2 are simultancously reduced in the dis-
charged exhaust gas.

As opposed to this, in the example shown in (1I) of FIG. 6,
the average air-fuel ratio of all cylinders #1, #3, and #35 of one
cylinder group, for example, the first cylinder group 1, 1s
made to become rich by the two cylinders #1 and #3 of the first
cylinder group 1 being made strongly rich and one cylinder #5
being made strongly lean, while the average air-fuel ratio of
all cylinders #2, #4, and #6 of the other cylinder group, for
example, the second cylinder group 2, 1s made to become lean
by the two cylinders #2 and #4 of the second cylinder group 2
being made strongly lean and one cylinder #6 being made
strongly rich.

In this example, part of the unburned HC exhausted from
the strongly rich cylinders #1 and #3 in the first cylinder group
1 1s oxidized by the excess oxygen exhausted from the
strongly lean cylinder #5 on the three-way catalyst 10a and
the remainder of the excess unburned HC 1s fed to the NO_
storage catalyst 12. On the other hand, the unburned HC
exhausted from the strongly rich cylinder #6 1n the second
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cylinder group 2 1s oxidized by part of the excess oxygen
exhausted from the strongly lean cylinders #2 and #4 on the
three-way catalyst 106 and the remainder of the excess oxy-
gen 1s fed to the NO, storage catalyst 12.

In this example, the heat of oxidation reaction due to the
oxidation action on the three-way catalysts 10a and 105 1s
used to raise the exhaust gas tlowing through the three-way
catalysts 10a and 105 1n temperature. The NO_ storage cata-
lyst 12 1s raised in temperature by the exhaust gas raised 1n
temperature. Further, in this example, 11 the NO_ storage
catalyst 12 becomes activated, the excess unburned HC fed
from the first cylinder group 1 to the NO_ storage catalyst 12
1s oxidized by the excess oxygen fed from the second cylinder
group 2 to the NO_ storage catalyst 12. The NO_ storage
catalyst 12 1s raised 1n temperature by the heat of oxidation

reaction due to the oxidation action on the NO _ storage cata-
lyst 12.

As will be understood from the above explanation, in the
example shown 1n (1) of FIG. 6, the NO_ storage catalyst 12 1s
raised 1n temperature by the heat of oxidation reaction on the
three-way catalysts 10aq and 1054. In the example shown 1n (1)
ol F1G. 6, the heat of oxidation reaction on both the three-way
catalysts 10aq and 105 and the NO_ storage catalyst 12 causes
the NO_ storage catalyst 12 to be raised 1in temperature. In the
example shown 1n (III) of FIG. 6, the NO_ storage catalyst 12
1s raised 1n temperature by the heat of oxidation reaction on
the NO_ storage catalyst 12.

In the embodiment shown 1n FIG. 7, when the temperature
T of the NO_ storage catalyst 12 1s lower than a predetermined
first temperature TX,, for example, about 400° C., the lean-
rich cylinder arrangement shown 1n (I) of FIG. 6 1s set; when
the temperature T of the NO_storage catalyst 12 1s higher than
the first temperature TX, and lower than a predetermined
second temperature TX,, for example, about 500° C., the
lean-rich cylinder arrangement shown 1n (1) of FIG. 6 1s set;
and when the temperature T of the NO, storage catalyst 12 1s
higher than the second temperature TX,, the lean-rich cylin-
der arrangement shown 1n (I1I) of FIG. 6 1s set. Note that the
NO, storage catalyst 12 also has the function of a three-way
catalyst. Therelore, in the case shown 1n (III) of FIG. 6, the
average air-iuel ratio of all cylinders #1 to #6 1s made to
become the stoichiometric air-fuel ratio by feedback control
of the air-fuel ratios of all cylinders #1 to #6 based on the
output signal of the air-fuel ratio sensor 14.

FIG. 8 shows a routine of temperature raising control per-
formed at step 37 of FIG. 5 for executing the temperature
raising control shown in FIG. 7.

Referring to FI1G. 8, first, at the initial step 60, 1t 1s judged
il the temperature T of the NO, storage catalyst 12 1s lower
than the first temperature TX,. When T<1X,, the routine
proceeds to step 61 where the lean-rich cylinder arrangement
shown in (I) of FIG. 6 1s set. Next, the routine proceeds to step
65 where 1t 1s judged if the temperature raising control has
been completed. When not completed, the routine returns to
step 60.

When 1t 1s judged at step 60 that T=TX,, the routine
proceeds to step 62 where 1t 1s judged 1if the temperature T of
the NO_ storage catalyst 12 1s lower than the second tempera-
ture' TX,. When T<TX,, the routine proceeds to step 63 where
the lean-rich cylinder arrangement shown 1n (II) of FIG. 6 1s
set, then the routine proceeds to step 65. On the other hand,
when 1t 1s judged at step 62 that T=TX,,, the routine proceeds
to step 64 where the lean-rich cylinder arrangement shown in
(II1) of FIG. 6 1s set, then the routine proceeds to step 65. At
step 63, when 1t 15 judged that the temperature raising control
has been completed, the routine proceeds to step 58 ol FIG. 5.
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Note that in the temperature raising control shown in FIG.
7, the lean-rich cylinder arrangement shown 1n (II) of FIG. 6
1s omitted. The lean-rich cylinder arrangement shown 1n (1) of
FIG. 6 can be switched to the lean-rich cylinder arrangement
shown in (I1I) of FIG. 6. Further, at the time of the temperature
clevation control, it 1s also possible to use only the lean-rich
cylinder arrangement shown in (II) of FIG. 6 to raise the
temperature of the NO, storage catalyst 12.

LIST OF REFERENCE NUMERATLS

1 first cylinder group

2 second cylinder group

3 cylinder
9a first exhaust manifold
9b second exhaust manifold

10a, 10b
12

front stage catalyst
rear stage catalyst

The mvention claimed 1s:

1. An exhaust purification device of an internal combustion
engine in which cylinders are divided into a first cylinder
group and a second cylinder group, comprising:

front stage catalysts having oxidation functions arranged in

a first exhaust passage common to the first cylinder
group and 1n a second exhaust passage common to the
second cylinder group; and

a rear stage catalyst having an oxidation function down-

stream of the corresponding front stage catalysts, the
rear stage catalyst being connected to the first exhaust
passage and the second exhaust passage, wherein
when the temperature of the rear stage catalyst 1s to be
raised, 1f a temperature of the rear stage catalyst is lower
than a predetermined first temperature, an air-fuel ratio
of at least one of the cylinders of the first cylinder group
1s made rich and an air-fuel ratio of remaining cylinders
of the first cylinder group 1s made lean and an air-fuel
ratio of at least one of the cylinders of the second cylin-
der group 1s made rich and an air-fuel ratio of remaining
cylinders of the second cylinder group 1s made lean, so
as to raise the temperature of the rear stage catalyst by
heat of an oxidation reaction at the front stage catalysts;
if the temperature of the rear stage catalyst 1s higher than
the predetermined first temperature and lower than a
predetermined second temperature, the air-fuel ratio of
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the at least one of the cylinders of the first cylinder group
1s made rich and the air-fuel ratio of the remaining cyl-
inders of the first cylinder group 1s made lean and the
air-fuel ratio of the at least one of the cylinders of the
second cylinder group 1s made rich and the air-fuel ratio
of the remaining cylinders of the second cylinder group
1s made lean, an average air-fuel ratio at one of the
cylinder groups 1s made rich and an average air-fuel ratio
at the other cylinder group 1s made lean, so as to raise the
temperature of the rear stage catalyst by the heat of the
oxidation reaction at the front stage catalysts and of an
oxidation reaction at the rear stage catalyst; and

11 the temperature of the rear stage catalyst 1s higher than
the predetermined second temperature, air-fuel ratios of
all of the cylinders of either cylinder group among the
first cylinder group and second cylinder group are made
rich and the air-fuel ratios of all of the cylinders of the
other cylinder group are made lean, so as to raise the rear
stage catalyst 1n temperature by the heat of oxidation

reaction at the rear stage catalyst.

2. An exhaust purification device of an internal combustion
engine as claimed 1n claim 1, wherein when the temperature
of the rear stage catalyst 1s lower than the predetermined first
temperature and the rear stage catalyst 1s raised 1n tempera-
ture by the heat of the oxidation reaction at the front stage
catalysts, an average air-fuel ratio at each cylinder group 1s
made substantially stoichiometric.

3. An exhaust purification device of an internal combustion
engine as claimed 1n claim 1, wherein when the temperature
of the rear stage catalyst 1s higher than the predetermined
second temperature and the rear stage catalyst 1s raised 1n
temperature by the heat of the oxidation reaction at the rear
stage catalyst, an average air-fuel ratio at all of the cylinders
1s made substantially stoichiometric.

4. An exhaust purification device of an internal combustion
engine as claimed 1n claim 1, wherein said front stage cata-
lysts are comprised of three-way catalysts.

5. An exhaust purification device of an internal combustion
engine as claimed in claim 1, wherein said rear stage catalyst
1s comprised of an NOx storage catalyst that stores NOx
contained 1n an exhaust gas when an air-fuel ratio of an
inflowing exhaust gas 1s lean and that releases the stored NOx
when the air-fuel ratio of the inflowing exhaust gas becomes
stoichiometric or rich.

% o *H % x
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